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ABSTRACT 
Mole concepts are essential parts of chemistry learning and have become preliminaries to learn 
other chemistry concepts. However, the learning resource used has not incorporated three 
representations, resulting in students' learning outcomes. This study aimed to develop a 
structured inquiry module in terms of validity and practicality. The method used in this study is 
research development through the use of the Plomp model. There were 141 senior high school 
students in Padang participating in the study. The instruments of this study included cognitive 
tests. The result of the study indicated that the structured inquiry module had high validity 
(V=0.98), practicality based on teachers' response (P=0.36) and students' response (P=0.36). 
Furthermore, the result of the t-test toward hypotheses of the learning outcome of the mole 
concept showed that the learning outcome of the mole concept in experimental groups was higher 
than that of control groups at both schools. Hence, the structured inquiry module has high validity 
and practicality. It is also effective to be used in chemistry learning at school. The module 
developed is a module with three levels of representation (macroscopic level, submicroscopic 
level and symbolic level). The module contains structured inquiry activities. The module also 
includes several components such as teacher guidelines, student activity sheets, worksheets, 
worksheet keys, test sheets, test sheet keys.  
. 
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PENDAHULUAN 
The mole concept is the basic concept 
learnt by senior high school students. [1]'There 
is probably no concept in the first-year 
chemistry subject that is more important for 
students to understand than substance 
(moles). One of the main reasons the concept 
of the amount of substance (mole) is so 
important in chemistry is stoichiometry. [2]–[4] 
stated that stoichiometry is a concept that is 
fundamental or important for understanding 
more complex chemical concepts. The most 
important part that students must understand in 
studying stoichiometry is the amount of 
substance (mole). 
The concept of a mole is abstract. The 
mole presents an abstract concept at the 
atomic/molecular level that will be difficult for 
students. For example, 6.02 X 1023, the 
experimentally measured mole value, is 
abstractly a large quantity value. In addition, 
basic level knowledge must be obtained 
through algorithms, but deeper understanding 
requires factual and procedural knowledge 
beyond algorithms [5]. In the end, the mole is 
the link between the macroscopic level and the 
atomic/molecular level. 
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However, the fact shows that many 
high school students think that substance is 
difficult to understand. The reason students 
have difficulty in understanding the concept 
of stoichiometry is that students are less 
skilled in solving numerical problems or 
mathematical reasoning [6]–[8], and students 
cannot connect the three levels of 
representation as a whole, namely the 
macroscopic, microscopic, and symbolic 
levels [9]–[12]. This difficulty can come from 
the way of teaching[13], [14] or the 
textbook[15], [16] used by the teacher. In the 
learning process, a teaching strategy and 
appropriate media are needed. Whether it is 
direct teaching or the media significantly used 
affects how students understand 
chemistry[17]. Direct teaching and the model 
presented through the textbooks significantly 
affect students' understanding[18], [19]. 
Textbooks are one of the learning resources 
used by teachers in the teaching and learning 
process.  
Chemical concept presented in 
textbooks often causes errors, causing 
misconceptions in students and students' 
difficulties in understanding chemical 
concept[20]. The previous study [21]has 
shown that to improve students' 
understanding, textbook writers and teachers 
need to be aware of how the model is 
presented, and which representations may 
be the source of students' difficulties in 
understanding. Teaching will be more 
effective when teachers better understand 
students' learning difficulties, and there are 
more representations and activities they can 
use. 
The research focuses on analysing 
textbooks on the mole concept, 
[22]investigating 13 advanced chemistry 
textbooks commonly used in Italian schools. 
According to.[22], the term mole is only a 
synonym for gram-molecule in most texts; 
some texts give incorrect definitions; one 
other text presents the opposite definition. 
The results of the analysis [23] of textbooks 
in 29 high schools and colleges showed that 
the textbook authors defined the mole as a 
particle of 6.02 X 1023; and a term of 12C. 
The learning resource developed in 
this research is a structured inquiry-based 
module. Structured inquiry is an activity that 
involves students in "hands-on" activities, 
collects and organizes data, writes 
conclusions but follows a series or sequence 
correctly from the instructions and 
procedures are given by the teacher or 
textbook [24]. Thus, the structured inquiry is 
when the teacher gives students a “hands-
on” problem to investigate [25]. Furthermore, 
methods and concepts are used for the 
investigation activities.   
Although there is research on module 
development, it is very limited for research on 
module development using three levels, 
especially on the mole conceptt. So the use 
of three levels of representation is essential 
because it can provide benefits for 
overcoming students' learning difficulties and 
strengthening students' understanding[26]. 
[27]Reported that ability in algorithmic 
problem solving was not interpreted as 
conceptual understanding ability. If this 
fundamental 'level of representation' is not 
understood, learning topics like solution 
concentration concepts can hinder learning. 
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The concept of mole (amount of substance) 
is a concept that connects the macro world 
with the micro world. 
Several studies have been conducted 
regarding student learning difficulties, 
alternative conceptions and problem-solving 
strategies on the mole concept. For example, 
[28]Teaching stoichiometry focuses on a 
level of symbolic representation that relies 
heavily on algorithms that do not develop 
conceptual understanding.[5] stated that 
students have two shortcomings: the inability 
to obtain meaning between the macro and 
sub-micro levels when solving problems and 
inadequate understanding of the concept and 
use of algorithms and rules[29-30]. 
There have been several studies on 
the development of inquiry-based learning. 
However, those studies are limited to the 
development of inquiry activities in which the 
activities themselves are the standard ones. 
Another study only focused on using 
laboratory activities without facilitating the 
learning activities by connecting the three 
levels of representations. So we need a 
teaching concept with three levels of 
representation and guide students to carry 
out "hand-on" activities such as in the 
structured inquiry stage to understand the 
learning concept better. 
 
METHODS 
The type of research used in this 
research is Research and Development (R&D). 
The development model used in this study uses 
the Ploomp model design as developed by 
TjreedPlomp. This model consists of 3 stages: 
preliminary research, development or 
prototyping, and assessment [31]. At each 
stage, there is a formative evaluation. 
Preliminary Research is when needs 
and context analysis are carried out, a literature 
review, and a conceptual framework is 
developed. The prototyping stage aims to 
design a product from the problems identified in 
the initial investigation stage. Product 
development is carried out at this stage and 
then iterations (microcycles) using formative 
evaluation developed by Tessmer[32]to 
improve and revise the product. The 
assessment phase is the final stage of research 
to conclude whether the product developed can 
overcome the problems that have been 
identified. 
Participants for the test in developing a 
structured inquiry-based module on the mole 
concept and reaction equations are first-year 
students at two high schools in Padang, West 
Sumatra. And two chemistry teachers as 
practitioners to operate the developed mod-
ules. The resulting product is a structured in-
quiry-based module using three levels of rep-
resentation. 
The type of instrument used in the study 
was a validation sheet questionnaire and a 
practicality sheet questionnaire. Validation 
sheet questionnaires were given to four experts 
in their fields (content, construct, linguistic and 
graphic). The validation sheet contains 23 
aspects of the assessment: a content 
component, a construct component, a linguistic 
component, and a graphic component. 
Aiken formula was employed to analyze 
the content validity. The formula is as fol-
lows[33]:  
V = ∑s/ [n(c-1)]  
Information:  
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s : r-lo  
lo :the lowest validity  
c :the highest validity  
r :the value given by rater 
n :numbers of raters 
Aiken value V is ranged from 0 to 1. 
The higher the V score shows the high value 
of content validity.   If V score is 0,60< V < 
0,80,the criteria is high. It means it is valid in 
terms of content, language, construct and 
graphics. The validity category according to 
Aiken’s V is presented in Table 1[34]. 
Table 1. Validity category based on Aiken’s V 
Aiken’s V scale  Category 
V ≤ 0,4 Less valid 
0,4≥V ≤ 0,8 Current valid 
0,8< Very Valid 
 
The practical analysis aims to 
determine whether the developed module 
meets the practicality criteria. The device's 
practicality was analyzed based on teacher 
and student assessments' data in the small 
group and field tests. The practicality analysis 
is carried out by converting the data results 
into Table 2 [35]. 
Practicality = 
Gained Score
 Number of Raters
 
Table 2.Practicality category 
Interval score Category 
3.6 ≤ P < 4.0 Very practical 
2.6 ≤ P < 3.5 Practical 
1.6 ≤ P < 2.5 Less practical 
1.0 ≤ P < 1.5  Impractical 
 
RESULTS AND DISCUSSION 
This study aims to determine the level 
of validity and practicality of the product 
developed, namely a structured inquiry-
based module using three levels of 
representation on the amount of substance 
(mole) concept for first-year students in high 
school. There are three stages to produce a 
valid and practical module: preliminary 
research, prototyping, and assessment. 
Preliminary Research 
This stage aims to get an overview of 
the product's characteristics developed to be 
used in the learning process. The main steps 
taken are analysis of problems and needs, 
curriculum analysis, concept analysis and 
student analysis. The findings at this stage, 
such as the amount of substance (mole), 
used the teaching method of lectures, 
discussions, and questions and answers in 
the learning concept. Based on the semi-
structured interview analysis results with the 
questions given, namely about the learning 
methods used by the teacher during the mole 
concept learning process, it showed that 52% 
of teachers used the lecture learning method, 
34% discussion and 14% discussion question 
and answer. Students often face problems 
during the learning process in solving 
problems solving calculations or 
mathematical reasoning[36], [37]. 
The analysis results from semi-
structured interviews regarding whether 
students can understand the mole concept 
and what difficulties students experience 
during learning the mole concept show that 
84% are difficult to understand and 16% are 
easy to understand. There are several 
reasons for students' difficulties in 
understanding the mole concept, students 
tended to memorize formulas to solve 
calculation problems and had difficulty 
determining mole units. In general, the 
contents or teaching concepts in the 
textbooks used by teachers and students are 
complete. Chemical representations have not 
been drawn for the mole concept topic, 
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especially at the submicroscopic level[38]. 
The analysis results regarding whether the 
mole concept has been explained by 
atomic/molecular modeling as much as 11% 
during the learning process, the concept has 
been explained symbolically 100%. So that if 
students cannot connect the three levels of 
chemical representation as a whole, it will 
affect students' understanding of chemistry 
learning concepts [39]. 
Development or Prototyping Phase 
Based on the findings at the prelimi-
nary research stage, a module was designed 
based on these findings. The results of the 
design and investigation stages that have 
been carried out are called prototype 
1.Prototype 1 was developed in the form of a 
structured inquiry-based module for mole 
concept which is arranged according to the 
syntax of a structured inquiry learning model. 
The components of the designed module are 
cover, preface, table of contents, list of pic-
tures, instructions for using the module, com-
petencies, subject matter, concept maps, ac-
tivity sheets, worksheets, evaluation ques-
tions, answer keys and references. 
After obtaining Prototype 1, a self-eval-
uation was carried out to produce Prototype 
II. This self-evaluation focuses on obvious er-
rors such as typing letters, using images, and 
module completeness, such as the elements 
that a module must have and the stages in 
the structured inquiry learning model. Some 
display module components can be seen in 


















(1)                            (2) 
Figure 1.Component on model (1) cover of module (2) the content of module 
 
 





























    
(3)      (4) 
Figure 2. The steps of structured inquiry activities: 1) Observation; 2) Hypotheses; 3) Data Col-
lections; 4) Conclusion  
 
Experts (lecturers) validated the result-
ing prototype II was validated by experts (lec-
turers), and an individual evaluation (one-to-
one evaluation) was carried out on three first-
year high school students. Validation in-
cludes four components; content compo-
nents, construct components, linguistic com-
ponents and graphic components. The re-
sults of the content component analysis using 
the Aiken V scale show that all aspects of the 
content components in the Current Valid cat-
egory can be seen in Table 3.
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Table 3.Results of Content Component Assessment 
 Aspects Aiken’s V 
scale 
Category 
 Conformity of the content of the module with KI, KD, 
indicators and learning objectives 
0,75 Current Valid 
 The suitability of the module with the concept being taught 0,83 Valid 
 Conformity of questions to find concepts 0,83 Valid 
 Suitability of practice with concept 0,83 Valid 
 The suitability of the use of the macroscopic level with the 
concept  being taught 
0,75 Current Valid 
 The suitability of the use of the microscopic level with the 
concept being taught 
0,75 Current Valid 
 The suitability of the use of the symbolic level with the 
concept being taught 
0,75 Current Valid 
 The truth of the substance of the learning concept  0,83 Valid 
 Benefits for comprehension  0,75 Current Valid  
Average  0,79 Current Valid 
 
The results of the construct component 
assessment data analysis by the validator 
can be seen in Table 4. The results of the 
linguistic component analysis show that all 
aspects have very high validity. The mean 
score of Aiken's V scale for construct 
components is 0.88 with a very high validity 
category. 
Table 4.Results of Construct Component Assessment 
 Aspects Aiken’s V scale Category  
 Clarity of learning objectives and indicators to be achieved 0,92 Very Valid 
 The systematics of module preparation is adjusted to the 
components that make up the module 
0,83 Very Valid 
 Systematic module preparation based on the steps of the 
Structured Inquiry model 
0,92 Very Valid 
 The observation stage can explore students' prior 
knowledge 
0,83 Very Valid 
 Hypothesis stage to guide students to formulate questions 
for investigation 
0,92 Very Valid 
 The data collection and collection stage guides students to 
find concepts through questions and information data 
0,92 Very Valid 
 The conclusion stage leads students to make data 
conclusions and findings 
0,83 Very Valid 
Average 0,88 Very Valid 
 
The results of the linguistic component 
assessment data analysis by the validator 
can be seen in Table 5. The results of the 
linguistic component analysis show that all 
aspects have very high validity. 
The mean score of Aiken's V scale for 
the linguistic component of prototype II 
module concept mole was 0.97 with a very 
high validity category. 
Table 5 .Results of the Assessment of Language Components 
 Aspects Aiken’s V scale Category 
 Readability of writing and images contained in the module 1,00 Very Valid 
 Clarity of information in the module 1,00 Very Valid 
 Compatibility of writing rules with correct Indonesian grammar rules 
(spelling accuracy, punctuation, terms and sentence structure) 
0,92 Very Valid 
 The language used is easy to understand 1,00 Very Valid 
 Effective and efficient use of language (clear and concise) 0,92 Very Valid 
Average 0,97 Very Valid 
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The results of the data analysis of the 
assessment of the graphic component by the 
validator can be seen in Table 6. The results 
of the graphical component analysis show 
that all aspects have very high validity. The 
mean score of Aiken's V scale for the 
graphical component of prototype II of the 
mole concept module is 0.98, with a very high 
validity category 
.Table 6.Results of Graphical Component Assessment 
 
Table 7 shows the results of the 
analysis of the four components of the 
assessment of the prototype II module, 
namely the content, construct, linguistic and 
graphic components, the Aiken’s V scale of 
0.91 was obtained with a very high validity 
category
.Table 7.The Result of Prototype II Assessments Result 
 Aspect Aiken’s V scale Validity Category  
 Content 0,79 valid 
 Construct 0,88 Very Valid 
 Language 0,97 Very Valid 
 Graphic 0,98 Very Valid 
Average 0,91 Very Valid 
 
After revision, prototype III was 
produced. Prototype III resulted from an 
expert review (expert review) and individual 
evaluation (one-to-one evaluation) of 
prototype II.  An individual evaluation (one-to-
one evaluation) was conducted through 
interviews with three students in the first year 
of high school A with low, medium and high 
abilities. Three aspects are evaluated at this 
stage, namely clarity, appeal and obvious 
errors. Based on the interviews conducted, it 
was found that the cover display already 
represented the module's content for the 
mole concept. Instructions for using the 
module can be understood well, the 
presentation of the content in the module is 
clear. The language used in the module is 
easy to understand. The pictures and colors 
in the module attract students' interest, and 
students can understand the steps of learning 
using the module. 
During the one-on-one evaluation, stu-
dents with low abilities still have difficulty in 
solving the problem of calculating 1 mole of a 
substance (as seen from the figure 3). Stu-
dents' misconception lies at the submicro-
scopic level. There are still students who do 
not understand that 1 mole of a substance 
represents the number of substances that 
contain the same number of particles as the 
number of particles in 12 grams of C. -12. The 
sample's ratio between moles and particles is 
 Aspects Aiken’s V scale Category 
 Use of font type and size 1,00 Very Valid 
 Layout of module 1,00 Very Valid 
 The image on the model can be seen clearly 1,00 Very Valid 
 Design and color on the cover of the module  0,92 Very Valid 
 The design and color on the module sheet  1,00 Very Valid 
Average 0,98 Very Valid 
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defined as an indirect means of counting the 
atomic/molecular particles utilizing a macro-
scopic mass sum.[5] 
The definition of mole indicates that the 
mole has both quantitative and conceptual 
calculations. Research in science education 
shows a quantitative understanding of 
moles[40],[41]. While understanding the mole 
conceptually, students must be able to per-
ceive the macroscopic world they see in real-















Figure 3.Students’ answers related to 1 mole on the worksheet 
 
Prototype IV was obtained after 
conducting a small group evaluation of 
prototype III. This small group evaluation was 
carried out by teaching the mole concept to 
nine students with high, medium and low 
abilities in the first year of high school A. Each 
student received one module design. The 
purpose of the small group evaluation is to 
test the practicality of the developed module. 
Learning using modules is designed for one 
meeting. 
At the end of the learning, session 
students fill out a questionnaire related to the 
use of modules in the learning process.This 
questionnaire aims to see the practicality of 
the module in small group evaluation. 
Aspects assessed in this small group 
evaluation are appeal, ease of use, the 
efficiency of learning time and benefits of the 
module. The results of the practicality of 
students at the small group evaluation stage 
can be seen in Table 8. The results of the 
student practicality questionnaire show that 
aspects of the appeal, ease of use, learning 
time efficiency and module benefits have a 
very high level of practicality. 






Appeal 3,5 practical 
Ease of Use 3,5 Practical 
Time Efficiency 3,4 Practical 
Benefit 3,5 Practical 
Overall Practicality 3,5   
Practi-
cal 
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Overall, Table 8 shows the results of 
the student practicality questionnaire 
obtained an interval score of 3.6 (in the 
practical level)  for the module. 
The data obtained from the validity test, 
practicality test and effectiveness test on 
research subjects are beneficial to produce a 
quality module. The product developed is of 
high quality if it meets the valid, practical and 
effective criteria[31]. Validity, practicality and 
effectiveness test is important because 
the teaching concepts developed can only be 
used in the learning process after being 
tested for validity, practicality and 
effectiveness[43]. After evaluating small 
groups, prototype IV was obtained, which 
was tested in large groups (field test). 
Assessment Phase 
The assessment phase aims to 
determine the practicality and effectiveness 
of the modules tested in large groups (field 
testing). The large group trial was conducted 
at two high schools in Padang, SMA A 
Padang (high criteria) and SMA B Padang 
(medium criteria). In each school, there are 
two sample classes, namely the experimental 
class and the control class. The experimental 
class uses the developed module, while the 
control class uses textbooks from school. 
After carrying out the module's learning 
process, practical data were obtained from 
giving students (student response 
questionnaires) and chemistry teachers 
(teacher response questionnaires). The 
practicality of the Module from Student 
Response Questionnaire 
Seventy-one students filled out the stu-
dent response questionnaire after learning 
using the module. The results of the practical-
ity data analysis of the module at the field test 
stage can be seen in Table 9. The average 
interval score gain for the practicality of the 
student response questionnaire is 3,5 with a 
practical level. 






Appeal 3,7 Very Prac-
tical 
Ease of Use  3,5 Practical 
Time Efficiency  3,5 Practical 





The practicality of the Module from 
Teacher Response Questionnaire 
Two chemistry teachers filled out the 
teacher response questionnaire after 
learning using the module. Aspects assessed 
include ease of use, the efficiency of learning 
time, benefits and attractiveness of teaching 
concepts to students' interests according to 
the teacher's opinion. The results of the 
practicality data analysis of the module can 
be seen in Table 10. The average acquisition 
of interval score for practicality from the 
teacher's response questionnaire is 3.6 (very 
practical), meaning that the structured 
inquiry-based mole concept module 
developed is practically used in the learning 
process by the teacher 
Table 10.The Result of Practicality from 
Teacher  
Aspect K Category 
Appeal 3,5 Practical 
Ease of Use  3,9 Very Practical 
Time Efficiency  3,5 Practical 
Benefit  3,6 Very Practical 
Overall Practi-
cality 
3,6 Very Practical 
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 In addition to finding out the module's 
practicality level, the large group trial (field 
test) also aims to determine the effectiveness 
of the designed module. The effectiveness of 
this module can be seen from the effect of 
using the module on student learning in the 
control and experimental classes. 
Student Activities in Working on Modules 
Using the module on student activities 
in working on the module, namely in the form 
of student answers, is one aspect to 
determine the module's effectiveness. 
Students' answers that are assessed are 
directly related to the use of the designed 
module. Aspects that are considered in 
assessing student answers are student 
activities in observing pictures and analyzing 
problems. In addition, to answer problem 
formulations and write hypotheses (visual 
activities, writing activities), answer questions 
in the module to find concepts (mental 
activities, writing activities), make 
conclusions (mental activities, writing 
activities), and do exercises (mental 
activities, writing activities). Writing activity). 
Students are said to have carried out these 
activities if students fill out the module 
correctly on the answer sheet 
provided.Table11 shows a summary of the 
percentage of students' answers in working 
on modules at High School A and B.
 Table 11.Summary of Percentage of Students’ Answers 
 Students’ Answers % Students’ answers 
High School A High School B  
Mean Category Mean Category 
 Observing pictures and analyzing 
problems to answer problem 
formulations and writing 
hypotheses 
92,14 Very Effective 87,86 Very Effective 
 Answering questions in the 
module to find concepts 
92,50 Very Effective 86,78 Very Effective 
 Making conclusions 91,43 Very Effective 86.07 Very Effective 
 Doing exercise 91,42 Very Effective 87,14 Very Effective 
 
Learning Outcomes 
Experimental research was conducted 
in a large group trial (field test) with a sample of 
2 classes in each school (namely the control 
class and the experimental class). The sample 
selection was carried out by purposive cluster 
sampling. Normality and homogeneity tests 
also carried out the determination of the control 
class and the experimental class 
.The effect of using the module on stu-
dent learning outcomes can be seen from the 
final test given to the control class (without us-
ing the module) and the experimental class (us-
ing the module) after studying the mole concept 
by testing hypotheses. Before testing the hy-
pothesis, normality and homogeneity tests 
were carried out on the sample class based on 
the final test scores obtained by students. 
Based on the data analysis that has been done, 
it is known that the control class and the exper-
imental class are normally distributed and ho-
mogeneous. The t-test is used to test the hy-
pothesis with the help of SPSS software. The 
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data on the results of hypothesis testing can be 
seen from Table 12.  
Aspects that are considered in as-
sessing student answers are student activities 
in observing pictures and analyzing problems. 
In addition, it is also to answer problem formu-
lations and write hypotheses (visual activities, 
writing activities), answer questions in the mod-
ule to find concepts (mental activities, writing 
activities), make conclusions (mental activities, 
writing activities), and do exercises (mental ac-
tivities, writing activities). write).
Table 12.Hypothesis Test Results on Learning Outcomes of Sample Class 
School Group N Mean S Sig. Ket. 
High School A 
(High) 
Experimental  35 85,49 8,716 0,030 H0 was 
rejected Control  36 80,86 8,903 
High School B  
(Medium)  
Experimental  35 79,06 8,678 0,005 H0 was 
rejected Control  35 72,54 9,921 
 
Table 11 shows that the significance 
value obtained at High School A Padang is 
0.030 at the 95% confidence level with a 
significance level (α = 0.05). The significance 
value is smaller than 0.05 so that H0 is rejected 
and H1 is accepted. That is, there is an effect of 
using the module on student learning outcomes 
in the experimental class and the control class. 
The significance value obtained from 
hypothesis testing for student learning 
outcomes at High School B  Padang (Sig. = 
0.005) is also smaller than 0, so H0 is rejected, 
and H1 is accepted. That is, there is an effect of 
using the module on student learning outcomes 
in the experimental class and the control class. 
 
CONCLUSION 
The structured inquiry-based chemistry 
module to improve students' mental models 
regarding the mole concept and reaction 
equations for the first-year high school student 
has met the valid, practical and effective 
criteria. Thus this module can be used as one 
of the teaching concepts in the learning process 
on the mole concept. Furthermore, using this 
module can help students learn independently 
or in groups and actively find their concepts to 
build knowledge through structured inquiry 
activities. 
REFERENCES 
[1] D. Kolb, “The mole,” J. Chem. Educ., 
vol. 55, no. 11, p. 728, Nov. 1978,  
doi:10.1021/ed055p728. 
 
[2] M. Camacho and R. Good, “Problem 
solving and chemical equilibrium: 
Successful versus unsuccessful 
performance,” J. Res. Sci. Teach., vol. 
26, no. 3, pp. 251–272, Mar. 1989,  
doi: 10.1002/tea.3660260306. 
 
[3] D. L. Gabel and D. M. Bunce, 
“Research on problem solving: 
Chemistry,” Handb. Res. Sci. Teach. 
Learn., vol. 11, pp. 301–326, 1994. 
 
[4] H. Schmidt, “A label as a hidden 
persuader: chemists’ neutralization 
concept,” Int. J. Sci. Educ., vol. 13, no. 
4, pp. 459–471, Oct. 1991,  
doi: 10.1080/0950069910130409. 
  
[5] J. R. Staver and A. T. Lumpe, “Two 
investigations of students’ 
understanding of the mole concept and 
its use in problem solving,” J. Res. Sci. 
Teach., 1995,  
 doi: 10.1002/tea.3660320207. 
  
[6] S. Boujaoude and H. Barakat, 
“Secondary school students’ difficulties 
with stoichiometry,” Sch. Sci. Rev., vol. 
81, pp. 91–98, 2000. 
  
 [7] H. Schmidt, “Stoichiometric problem 
240 Hidayati, The Development of Structured ........... 
 
solving in high school chemistry,” Int. J. 
Sci. Educ., vol. 16, no. 2, pp. 191–200, 
Mar. 1994,  
doi: 10.1080/0950069940160207.  
 
[8] H.-J. SCHMIDT and C. JIGNÉUS, 
“Students´ Strategies In Solving 
Algorithmic Stoichiometry Problems,” 
Chem. Educ. Res. Pr., vol. 4, no. 3, pp. 
305–317, 2003,  
doi: 10.1039/B3RP90018E.  
 
[9] Y. J. Dori and M. Hameiri, “‘The Mole 
Environment’Development and 
Implementation of Studyware,” J. 
Chem. Inf. Comput. Sci., vol. 36, no. 4, 
pp. 625–628, Jan. 1996,  
 doi: 10.1021/ci950121w 
 
[10] Y. J. Dori and M. Hameiri, “The ‘Mole 
Environment’ studyware: applying 
multidimensional analysis to 
quantitative chemistry problems,” Int. J. 
Sci. Educ., vol. 20, no. 3, pp. 317–333, 
Mar. 1998,  
 doi: 10.1080/0950069980200305.  
 
[11] D. L. Gabel, K. V. Samuel, and D. Hunn, 
“Understanding the particulate nature of 
matter,” Journrl of Chemical Education. 
1987,  
  doi: 10.1021/ed064p695. 
  
[12] W. R. Robinson, “Chemistry Problem-
Solving: Symbol, Macro, Micro, and 
Process Aspects,” J. Chem. Educ., vol. 
80, no. 9, p. 978, Sep. 2003,  
 doi:  10.1021/ed080p978 
 
[13] F. Lawrenz, “Misconceptions of 
Physical Science Concepts Among 
Elementary School Teachers,” Sch. 
Sci. Math., vol. 86, no. 8, pp. 654–660, 




[14] B. Hong Kwen, “Teachers ’ 
Misconceptions of Biological Science 
Concepts as Revealed in Science 
Examination Papers,” Int. Educ. Res. 
Conf., no. December, pp. 1–8, 2005. 
[15] R. Tasker, “The VisChem Project: 
Molecular level animations in 
chemistry-potential and caution,” 
UniServe Sci. News, vol. 9, pp. 12–16, 
1998. 
 
[16] I. Eilks, T. Witteck, and V. Pietzner, “The 
role and potential dangers of 
visualisation when learning about sub-
microscopic explanations in chemistry 
education,” CEPS J., 2012. 
 
[17] M. Stojanovska, V. M. Petruševski, and 
B. Šoptrajanov, “Study of the Use of the 
Three Levels of Thinking and 
Representation,” Contrib. Sect. Nat. 
Math. Biotech. Sci., vol. 35, no. 1, pp. 




[18] Z. Sikorova, “The role of textbooks in 
lower secondary schools in the Czech 
Republic,” IARTEM e-journal, vol. 4, no. 
2 SE-, pp. 1–22, Feb. 2012, 
doi: 10.21344/iartem.v4i2.774.  
 
[19] D. Tulip and A. Cook, “Teacher and 
student usage of science textbooks,” 
Res. Sci. Educ., vol. 23, no. 1, pp. 302–
307, 1993,  
doi: 10.1007/BF02357078.  
  
[20] A. Bergqvist, Models of chemical 
bonding and crystal structure. 2012. 
 
[21] O. De Jong, J. H. Van Driel, and N. 
Verloop, “Preservice Teachers’ 
Pedagogical Content Knowledge of 
Using Particle Models in Teaching 
Chemistry.,” Journal of Research in 
Science Teaching, vol. 42, no. 8. n 5, 




[22] R. Cervellati, A. Montuschi, D. Perugini, 
N. Grimellini-Tomasini, and B. P. 
Balandi, “Investigation of secondary 
school students’ understanding of the 
mole concept in Italy,” J. Chem. Educ., 
vol. 59, no. 10, p. 852, Oct. 1982,  
doi: 10.1021/ed059p852. 
  
[23] J. R. Staver and A. T. Lumpe, 
“Chemistry Textbooks,” vol. 30, no. 4, 
pp. 321–337, 1993. 
doi: 10.1002/tea.3660300402 
 
[24] D. Llewely, Differentiated Science 
Inquiry. California: Corwin, 2011. 
 
[25] A. Colburn, “An Inquiry Primer.,” Sci. 
Scope, vol. 23, no. 6, pp. 42–44, 2000. 
 
 JURNAL KIMIA DAN PENDIDIKAN KIMIA (JKPK), Vol.6, No. 2, 2021,  pp. 228-241          241 
 
[26] B. Bucat and M. Mocerino, “Learning at 
the Sub-micro Level: Structural 
Representations,” pp. 11–29, 2009,  
doi: 10.1007/978-1-4020-8872-8_2. 
 
[27] J. M. Nyachwaya, A.-R. M. Warfa, G. H. 
Roehrig, and J. L. Schneider, “College 
chemistry students’ use of memorized 
algorithms in chemical reactions,” 
Chem. Educ. Res. Pract., vol. 15, no. 1, 
pp. 81–93, 2014,  
doi: 10.1039/C3RP00114H. 
  
[28] A. Ault, “What’s Wrong with 
Cookbooks?,” J. Chem. Educ., vol. 79, 
Oct. 2002,  
doi: 10.1021/ed079p1177 
 
[29] S. Kimberlin and E. Yezierski, 
“Effectiveness of Inquiry-Based 
Lessons Using Particulate Level 
Models to Develop High School 
Students’ Understanding of Conceptual 
Stoichiometry,” J. Chem. Educ., vol. 93, 
no. 6, pp. 1002–1009, 2016,  
doi: 10.1021/acs.jchemed.5b01010 
 
[30] S. Chairam, N. Klahan, and R. K. Coll, 
“Exploring secondary students’ 
understanding of chemical kinetics 
through inquiry-based learning 
activities,” Eurasia J. Math. Sci. 
Technol. Educ., vol. 11, no. 5, pp. 937–
956, 2015,  
doi: 10.12973/eurasia.2015.1365a  
 
[31] Plomp, “Educational Design Research 
Educational Design Research,” Educ. 
Des. Res., pp. 1–206, 2013,  
 
[32] T. Plomp and N. Nieveen, “An 
Introduction to Educational Design 
Research,” 2007. 
 
[33] L. Aiken, “Three Coefficients For 
Analyzing The Reliability And Validity 
Of Ratings,” Educ. Psychol. Meas., vol. 
45, pp. 131–141, 1985. 
 
[34] H. Retnawati, H.Retnawati Analisis 
kuantitatif instrumen penelitian 
(panduan peneliti, mahasiswa, dan 
psikometrian) Yogyakarta : Parama 
Publishing., 2016  
SBN: 978-602-1547-98-4  
 
[35] M. K. Mustami, S. Syamsudduha, Safei, 
and M. I. Ismail, “Validity, practicality, 
and effectiveness development of 
biology textbooks integrated with 
augmented reality on high school 
students,” Int. J. Technol. Enhanc. 




[36] D. V. Frank, C. A. Baker, and J. D. 
Herron, “Should students always use 
algorithms to solve problems?,” J. 
Chem. Educ., vol. 64, no. 6, pp. 514–
515, 1987,  
doi: 10.1021/ed064p514. 
 
[37] J. Surif, N. H. Ibrahim, and S. F. Dalim, 
“Problem Solving: Algorithms and 
Conceptual and Open-ended Problems 
in Chemistry,” Procedia - Soc. Behav. 
Sci., vol. 116, pp. 4955–4963, 2014,  
doi: 10.1016/j.sbspro.2014.01.1055. 
 
[38] C. Dahsah and R. K. Coll, “thai grade 10 
and 11 students’ understanding of 
stoichiometry and related concepts,” 
Int. J. Sci. Math. Educ., vol. 6, no. 3, pp. 
573–600, 2008,  
doi: 10.1007/s10763-007-9072-0. 
  
[39] A. H. Johnstone, “Why is science 
difficult to learn? Things are seldom 
what they seem,” J. Comput. Assist. 




[40] D. L. Gabel, R. D. Sherwood, and L. 
Enochs, “Problem‐ solving skills of high 
school chemistry students,” J. Res. Sci. 
Teach., 1984,  
 doi: 10.1002/tea.3660210212.  
 
[41] H. J. Schmidt, “Secondary school 
students’ strategies in stoichiometry,” 
Int. J. Sci. Educ., 1990,  
 doi: 10.1080/0950069900120411.  
 
[42] J. Claesgens and A. Stacy, “What are 
students’ initial ideas about ‘amount of 
substance’?:"Is there a specific weight 
for a mole?",” Annu. Meet. Am. Educ. 
Res. Assoc. (Chicago, IL, April. 2003), 
2003. 
 
[43] J. van den Akker, “Principles and 
Methods of Development Research,” 
Des. Approaches Tools Educ. Train., 
pp. 1–14, 1999,  
doi: 10.1007/978-94-011-4255-7_1.
